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Vegetable parasites and evolution.’
W. G FARLOW.

In the countless discussions concerning evolution which
have followed the publication of Darwin’s Origin of Species,
zoblogists have gone farther than botanists in their efiorts to
explain the possible origin of higher forms from the lower.
Botanists, as a rule, have contented themselves with a con-
sideration of the ancestral relations of the orders of higher
pla.nts, but, until very recently, they have scarcely r}mde‘any
serious attempt to present a general scheme showing, from
an evolutionary point of view, the relations of all the groups
of the vegetable kingdom. This may be due either to their
timidity—perhaps modesty is a better sounding word—or to
their ignorance. If the latter, they have certainly been wise
in avoiding unnecessary display of their ignorance; if the
former, they can easily be pardoned, when one considers
how large a part an aggressive audacity savoring of sensa-
tionalism has played in the formation of some schemes of
development. ! )

On abstract grounds alone, I presume that few botanists
would object to the statement that all plants have been de-
veloped from simple ancestral forms, which were nearly
related to some of the lower animals ; but, when it comes to
saying in anything like a definite way that certain existing
fon‘ms have arisen from other lower existing fom}s or their
immediate allies in some past epoch, and so on until the low-
est form is reached, botanists may well insist that imagina-
tion should not be allowed too large a scope in Sl_{PPIYWg
missing links. It is precisely in this point that zoologists
have an advantage over botanists. The palazontological rec-
ord of lower animals is more complete than that of lower
plants, so that, where the zoologist might reasqnz}bly i.'om} an
hypothesis, the botanist must rely more on his imagination,
until, in the end, he finds himself in the possession of a chain
composed to a considerable extent of missing links. Asit
18, if we would consider the evolution of plants, not getung
much light on the progress of the lower forms from palaeon-
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find them, and to ask what are the inferences which we are
permitted to draw from existing structures and conditions.
1 shall not attempt to offer any scheme of development, or to
~sketch a family tree whose roots are Protococci and bacteria
and whose ripe apples are the genera of Phanogams, but
shall restrict myself to some considerations concerning veg-
etable parasites and the inferences as to their possible origin
which may be gathered from what we already know of their
structure and habits ; partly because this is a group of plants
i which I am especially interested, and partly because the
problems which they offer, even if they can not be solved at
the present day, are, at least, full of suggestions.

In the first place, a word as to the diflferent kinds of plants
which are included among parasites. A parasite is usually
defined as a plant which is unable to transform inorganic
material into organic compounds, and which is consequently
obliged to obtain its organized materials from other plants or
from animals. The definition, in general, is an accurate one
and correctly defines the vast majority of vegetable parasites
which belong to the class of fungi. ~That they are strictly
dependent on the organized materials derived eventually
from other plants or animals is sufficiently evident when
we consider that fungi are destitute of chlorophyll, the nec-
essary agent in the assimilation of inorganic material. Of
the. parasites proper, we have two kinds: the saprophytes,
which live on dead or inert matter : and the special, or trué,
parasites, as they are usually called, which can only grow of
the tissues of living plants or animals. Whether the line
betw.e"“ saprophytes and true parasites is sharply defined 15
a point which need not at present be discussed. Itis Ef}ough
to.sa.y that, as a rule, saprophytes grow more Of less indis-
Criminately on dead organic substances, while the true pard-
Sites are generally limited to a single species of plants 0f to
the Species of a single genus or order. It is almost unneces-
Sary 1o cite Instances of the two kinds of parasites propets
SInCe you will at once call to mind Penicillium and other
ngr-li:?o%fmoglds which grow as saprophytes on an e?clﬁs:

aras')tr }f’“ Stances ; while we have as illustrations Oﬂ T
parasites the grape Peronospora, which grows abundantly ©
SPecies of Vitis, and is occasionally found on AmPCIOFSlS-
and CISSUS‘, both genera of Vitacez, and the potato-ro
5US, sometimes found on_the tomato, which belongs 10 the

?arpe order as the potato, and rarely on species of Scrophu-
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The proper parasites do not exclusively belong to the
class of fungi. You are familiar with the Indian pipe (Mon-
otropa) and dodder (Cuscuta), which are our common repre-
sentatives of parasites, which are found in a comparatively
small number of orders of Phanogams. As chlorophyll is
wanting in these plants, we are forced to assume that the para-
Sitism is as complete as in fungi. You, also, will recall the mis-
tletoes and the Gerardias, together with other members of the
Scrophulariacea, which are not proper parasites in the sense
I which we have already spoken, but may rather be called
partial parasites ; because, while they have chlorophyll and
4T€ 10 a certain extent able to transform inorganic into or-
ganic material, they still depend in part on material taken
from other plants to which they are more or less closely at-
tachel. In the discussion of the evolution of parasites, the
ph&nogamic parasites, however, are of comparatively little
Importance ; because, by means of their flowers and fruit,
they are rightly classed as belonging to, or closely related
10, well recognized orders of Phanogams, and the question
of the origin of the parasites themselves is not to be sepa-
Tfated from the question of the origin of Phanogams as a
whole, so that, in this case, we have only to account for the
modification of the organs of vegetation whose greater sim-
P]";ity may be explained by the loss of leaves and other
assimilating organs which have become unnecessary to plants
that havye acquired the power of living upon the food assim-
lated by other plants. In short, as far as parasitic Phano-
24MS are concerned, they may be regarded as degenerate
f0!‘{!18 of other Phanogams, for, in a plant, the inability to
Assimilate inorganic material should be regarded as a de-
graded condition in which the chances of survival are dimin-
ished unless some extraordinary provision is made for repro-
duction, which is not the case in Pha&nogams, whatever may
be true of fungi,

o

: hether any proper parasites are to be found among ¢ low
'S a question on which there is a difference of opinion. or
My own part, I am unable to recognize any proper parasite
among algz, although it is tolerably certain that a number of
forms generally classed among algae may be regarded as par-
tial Parasites. This point, however, can be better consid-
€red later on. _ _ ,

_Let us next briefly consider the mutunal rela}xons which
EXist between parasites and their hosts—that is, the sub-

Stances, dead or living, on which they are growing. At first
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sight a parasite would seem to be purely destructive in its
action : and that this is really the case is evident in the great
majority of instances. When a piece of bread is attacked

by the mould. Mucor stolonifer, its substance continually
diminishes with the growth of the mould. We need not stop
to consider the saprophytes, for the case of the true pard-
sites is still stronger. There is a constant struggle between
the rots, rusts and other true parasites and the hosts on
which they are growing. Just so far as the fungus flourishes,
so does the host suffer ; and, if the conditions of temperature
and moisture are favorable to the fungus, the host may be
?uite destroyed. If the conditions are not favorable to the
ungus, the host may continue to grow, and the fungus may
grad.ually disappear, or, at least, pass into a quiescent state.
An instance of the sudden and complete destruction of the
host is seen in the case of the bad epidemics of the potato
rot, when whole acres suddenly rot and die. This 18 an
extreme case. Other members of the Peronospore® attack
young seedlings, some of which are destroved, while others
continue to grow, and may be said to throw oft the fungus.
From cases of the complete and sudden destruction of the
host, either in its mature or seedling condition, we pass {0
parasites which are less virulent and whose action i more
local. We have all grades of injury done to the host, from
the destruction of the leaves and consequent diminution 0
the assimilating power, which may entail serious or fata
results;: from the formation of circumscribed Knots and
tumors, which may cause destruction of the branches aI.lCL
In course of years, the death of the plant; from fung! which
“_ttfle the flowers or fruit and cause diminished reproduC-
uvity without injury to the vegetative powers, down 1O
insignificant distorti o s 38 used
gnificant distortions of scattered epidermal cells ca

b)' S,}’nChytria. But in all these cases the action of the paté”
site 1s destructive, We can not conceive that it is of the
Sllghte§t benefit to the host. It robs the plant of the foqd
which it needs for itself, and oives back nothing gOOd i
return,

wh'“l(e' h‘ave, on the other hand, instances qf parasxtler; li‘;

ich it is claimed that the relation of parasite and host

t the relation of parasite 877~

wew?ﬁi,},‘;‘;ﬁ a symbiosis" was originally applied to all cases where different Ofgr&%

The applicatio }togelher in a communnity, and in this sense included the u'mal pis rener-

1Y nniterst ﬂgg has gradually been moditied until, at the present day, sy mulos simals. in

such a Wa): that t‘l; mean the associntion of plants with plants, or plants with &g ‘here i.

at least 1o lnjntricen{:l:(t{;m beftwceu them is one of mutual btinef;l t-i. or if:cwggcmmmted
- Fous action of one organism » other., In this S€nse, |

with true parasitism, the word is here lﬁzed. on the other
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one of mutual benefit. To this condition the name symbiosis
has been applied. The two most marked instances of sym-
biosis among plants are to be found in lichens and the fungus
growth first called by Frank Mycorhiza.

The thallus of lichens, you will bear in mind, is composed
of two elements: the green cells or filaments called gonidia,
and the colorless threads or hypha. Any extended discus-
sion of the algo-fungal theory of lichens would be out of place
on the present occasion, and it is only necessary to say that
I do not see why we may not consider the gonidia to be
what they appear to be, viz., algae, and the hypha fungi
parasitic on the gonidia. Certainly, the opponents of the
algo-fungal theory, in spite of all their attempts, have not,
as yet, given satisfactory proof that the gonidia are produced
from the hypha or the hypha from the gonidia; so that we
are forced to regard them as two distinct entities. The
strong point of the opponents of the algo-fungal theory has
been that, if it is true that what is called a lichen is really a
fungus parasitic on an alga, it is inconceivable -that the alga
§llou]d not be injured, or even destroyed, by the fungus. It
1§ certainly a fact that the gonidia, or algae, are not destroyed,
and it has been assumed by both the advocates and oppo-
nents of the theory that the gonidia are not injured by the
growth of the hypha, while some even go so far as to say
that their growth is aided thereby. To account for this state
of things, the advocates of the theory have advanced the
View that in lichens we have a sort of mutual parasitism ;
and the statement has been made that ** the hyph lie on the
gonidia, and carry to them crude nutritive fluids, in return
for which they receive a part of the assimilated material in
the gonidia.” But what good the gonidia can derive by
having crude material brought to them by the hyphz, if they
must give back a part of the assimilated material to them, 1s
not clear, since it is a well-known fact that the gonidia can,
and very often do, live and flourish in a free condition, and
are amply able to obtain all the nourishment they need with-
out the help of the hypha, and at the same time can use for
their own exclusive benefit all the assimilated material. On
the other hand, it is known that the hypha are dependent
on the gonidia for their development. The advantage to the
gonidia is quite hypothetical ; the advantage to the hypha
' real; and it is, to speak mildly, a bad case of what the
French call 7 anf pour un bhauf, P

The alleged proof that the gonidia are benefited by con-
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tact with the hypha rests on laboratory cultures in which it
18 claimed that, if the germinating spores of lichens be
brought in contact with pure gonidia, the hypha at once
grow more rapidly, and the gonidia also begin to multiply.
But this increase of the gonidia is not necessarily a sign that
the conditions of growth have become more favorable. When
the black knot fungus attacks a branch of the plum tree the
parenchymatous cells increase, and a knot is formed ; andthe
same thing occurs when branches of red cedar are attacked
by Gymnosporangium macropus. Here the increased growth
d.oes not indicate an increased supply of food, but an irrita-
tion caused by a noxious parasite. The increased grow{h
of normal cells in the presence of irritating foreign bodies 18
well known to both animal and vegetable pathologists, and
IS not interpreted by them to mean an improved condition,
but rather an attempt to get rid of something harmful. The
same explanation may be given to the lichen cultures. But
cultures on microscopic slides in the laboratory surely should
not be regarded as more conclusive than what is seen on a
much larger scale in nature. One has only to compare the
C!‘mOlePUS-forms which constitute the qoniudia of Opegrapha
with the same forms when free from the hypha of the Ope-
grapha to be convinced that they agrow and fructify decidedly
better when free than when shut up in the lichen thallus.
They are neither benefited nor destroved, but they are weak-
ened and injured. The same is true of the C)?st(}coccoid or
protococcoid gonidia of the larger lichens, which are more
lu.\'u'rxant when growing free on rocks and bark. Itisim-
possible to regard the Stigonema gonidia, distorted .a'nd
broken up by the hypha, as in a more flourishing condition
than when free.
alﬂrlffseems to me that the real error of the supporters Oflt.l}e
s0-tungal theory is not that they assume that the gonidid,
t{m algze, can support themselves and the hyphz too, but that
:e‘;};}?iiusrﬁe thlat they are not injured thereby. Ipd}ht::; "l;
e o %\'v 10w a possible advantage to the gon; 11?in'§l’i
ous a'ctiog ofdt\lrle I;IOF sufficiently regarded the .palpfi s Jiven
it is plain that tf .:thit?.- .F rom the facts w:hgch | .181'\ e:qgthaﬂ
i1t most Canés }e) ALE Imjured, and, if the njury 18 eti;e et
that the hy hfeo fpli}l‘;lsmsm-——-whu‘h may be due totl i
bheor Gg “ig-i(t 0 ichens grow more slowly than tlr;acog‘
S b liéghens 1S ne\?ttheless an injury, and we ml‘IS e
s et not a case of Symbiosis or mutual Qdfﬂ's e
45€ Ol true parasitism with a minimum of injury to
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host. In view of the facts, one can be an advocate of the
algo-fungal theory without believing that there is a double
parasitism.

In 18353 Frank announced the following discovery : that
certain species of trees, especially Cupulifera, do not regu-
larly obtain their food directly from the soil, but their roots
are connected with the mycelium of a fungus by whose
agency all the nourishment 1s transferred from the soil to the
tree. He called this condition Mycorhiza, and described the
fungus as intimately united with the inner cortex of the roots
ii;mt back of the tips and forming a felt-like cap over the tips.

e maintained that this union of mycelium and roots was of
constant occurrence in the Cupulifere2 which he had exam-
Ined, oaks, beeches, chestnuts, hazel-nuts and hornbeams,
and more or less constant in Salicacea and Conifera, At a
later date* he went further and stated that the Mycorhiza 1s
4 symbiotic condition which may perhaps be found in all
trees under certain conditions ; that it is found only where the
801l consists of humus or undecomposed plant remains ; that
the fungus of the Mycorhiza conveys to the tree not only the
necessary water and the mineral constituents of the soil, but
also the organic material derived directly from the humus
and decomposing vegetable matter; and that it is through
the agency of the fungus alone that the tree obtains its food
from the soil. If one could accept without reserve the con-
clusions of Frank, we have in Mycorhiza a clear case of
Symbiosis in which a fungus which lives as a saprophyte on
vegetable mould is intimately united with the tissues of Phae-
10gams on which it acts, not as a parasite but as a conveyer
of nourishment. Unfortunately, the statements of Frank are,
0 a great extent, not confirmed by other competent o.b.ser\f-
¢rS. R. Hartig has shown? that the Mycorhiza condition 1s
ot at all necessary to the nourishment of trees even in Cu-
puliferae, since he finds that, in many cases, roots of healthy
'rees are quite free from Mycorhiza, and, even in trees where
th‘—f"e s a marked Mycorhiza of some roots, there are others
quite free from it. He regards Mvycorhiza not as a case ol
Symbiosis comparable to that of lichens, as does Frank, but
rather a case of proper parasitism, and Kamienski® states that,
1 the cases of Mycorhiza of trees which he has examined,

he has always found evidences of mjury done to thie roots by
T e e S NS NS SRR SR AN O sl SR e N o T
‘ Ber, Deutsch Bot. (es. 111, 128,
:l. ¢, II1, XXVIIL.
;Bot. Centralblatt, XXV, 350.
Bot, Centralblatt, XXX, 2
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the fungus, which he also regards as a parasite of a destruc-
tive nature. P. E. Mueller, to a certain extent, endorses
Frank’s views, as far as the Mycorhiza of beeches 1s con-
cerned.

We are, on the whole, warranted in believing that the
Mycorhiza condition is rather a condition of proper parasit-
1sm than of symbiosis in the case of trees. We still have the
case of Monotropa Hypopitys, a small ericaceous parasite,
in which Kamienski showed, as early as 1881, that the roots
are surrounded by a mycelium, which, however, does not
penetrate into the substance of the roots, as in the Mycorhiza
of Frank. He considered that the fungus, in this case, was
the medium of transfer of nourishment to the Monotropa, and
did not agree with the then prevailing view that Monotropa
itself was directly parasitic on the roots of other plants. We
may safely consider that there is a symbiosis in Monotropa
H,XPOP{WS, and further investigation may show a similar con-
dition in some other closely related phanogamous plants
which are destitute of chlorophyll ; but here the case 1s Very
(ll.ﬁ'erent from that of the largé trees, abundantly provide.d
with assimilating organs of their own in which, if there 18
symbiosis at all, it certainly does not exist on the wholesale
scale which Frank claims. ,

With regard to the symbiosis of plants and animals 1 will
say but a word, for the subject is one which pertains to the
domain of the zoblogist rather than to that of the botanist
objections against the probability that plants
and animals should live in a state of symbiosis are less than
A the Case of symbiosis in the vegetable kingdom ; because,
'n the former case, the plants in question belong not to the
sroup of fungi, but are algae possessing chlorophyll, ora mod-
1hed .form of chlorophyll. The symbiotic alga could met sup-
portitself ; the animal, on the other hand, could support itself;
fnd, bearmg In mind the different products of assimilation
and respiration in plants and' animals, one could easily €OT
ove the benefit which might arise from the combination Of
the two. Whether the combination really exists in many
f}ases 'S DOt yet certain, because it too frequently happen
isl?-za :I(igl?l%m]s do not agree as to whether the as§umlff§d algd

It b.é(:(oma 54 Or a proper organ of the animal 1tse e
& candic €S a question of authority, and a botanis 5
.. o Londition to estimate the comparative merits of obser?
St made by zodlogists. . As far as I am at liberty tO f'orr?l
4Ny opinion at all, I should say that zoologists were inclin€
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lo accept, at least, a mechanical symbiosis of unicellular algae
and animalsin a considerable number of instances. Whether
the svmbiosis is physiological as well as mechanical is a point
on which more light is apparently needed.

T'he symbiosis of plants and animals is, perhaps, better
0 be compared with that of Nostocs with Hepatice and
~Azolla than with the condition which exists in lichens. Some
of the recorded cases show clearly a mechanical symbiosis,
ven if others be regarded as merely accidental and tempo-
rary unions of different organisms. Whether the symbios‘is
here 1s physiologically of advantage to both organisms is
doubtful. The Nostocs are certainly not injured, and they
may derive benefit from the shelter afforded. It will not do
'0 go too far in this direction, however, because we should.
at length, be forced to speak ¢t symbiosis 1in cases where
Nostocs grow in crevices of rocks, which would be absurd.

~ 1 have dwelt somewhat at length on the subject of sym-
blosis because, as it seems to me, botanists have gone too fz}r
N assuming a beneficial action of the parasite on the host in
many cases where not only no direct benefit can be prqved
to exist, but where a closer examination shows that an injqr)r
Is really done, although it may be slight. In short, symbio-
518, as distinct from true destructive parasitism, is not the
tOmparatively common condition in the vegetable kingdpm
which it is generally supposed to be by those whose opinion
'S worth considering ; for we need not regard those writers
who, seeing in symbiosis a charming instance of domestic
felicity and concord with which they can point a moral and
adorn 2 tale, have given to the public essays whos? only
Proper place is on the shelves of a Sunday School library.
ACCepting the existence of symbi0sis where. both'members
are chlorophvll-bearing plants, we must still believe t.hat,
With rare ex'ceptions, the cases where one member 1s a
lungus should be referred rather to the class of true parasites,
I which the advantage is altogether on one side.

If we turn now to the question of the origin of vegetable
Parasites we find ourselves in a dilemma. Certainly, the
Parasites could not have originated before the Plf"‘ts and
Animal§ on whose remains or in whose tissues they live. On
the other hand, accepting the law of evolution, that the more
“omplex forms are developed later than the simpler forms,
the parasites must have preceded the forms on which they
Prey. The paradox is, however, more in words than in
féality. We can onlv suppose that our present parasites
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have existed from early times, but were not always parasites.
T'he guestion might arise here, What do we mean by higher
and lower forms? The terms are elastic, and one sometimes
suspects that they have been stretched and twisted to suit the
necessities of individual writers. It is not quite plain, for
instance, why we should say that the giant kelp of the Pa-
cific, Macrocystis pyrifera, with “its branching stems several
hundred feet long, furnished with innumerable leaves and
alr-blgdders, 18 less highly organized than the small frondose
hepatics, like Riccia, or such mosses as Phascum. There is
One point on which all botanists would probably agree in
speaking ot high or low organizations, viz.: that complica-
tions of the reproductive apparatus indicate a high organiza-
tion, however simple the vegetative organs may be, and
that as we advance higher in the scale we find more and
HOTe numerous embryonic conditions which represent free
condmons.ot less highly organized plants.

Throwing out of consideration the phanogamous parasites
for the reasons previously given, there is no deubt that the
mense majority of vegetable parasites belong low down 1n
the scale qf development, and we can infer from the simplic-
'ty of their reproduction that they originated at an early
pherxod. Other things also point in the same direction. In
frre ét]as.s of fungi, although the sexual reproduction 1s of low
51 a0€, 1t embraces a number of different types, and, as far
?ts non-ls)exuql modes of propagation are concerned, although
Off:;]ay e said that they only indicate an effort on the part
i f:rptl)ants to adapt themselves to peculiar conditions, fung!

» ctter provided than any other plants. We are, pet-
nlnllesl;eart l(;tlgesrt)é CEO‘SU{?P?SG a remote orzigin from the latli%:
connection apfewe;t Ot' t}l‘?gl o e ot an%.l m ues-
Ho I8 oo {lentl , l:i ISuCs may prove of interest. AL -
ﬂumerousqth };as ed whether the species of fungi are mor=
hit thioe argn'tﬁgse of Phaenogams. It is safe to Slf}’POz“f
fungi have ﬂ]'l':‘ld Ollljg}: lt’ Is not true that more Sp'eiu'etid\"
of fungi in Euro‘ e}' LILQ' d.escr‘lbed.' The s:}'stemat{}, hmor'e
recent date tllanptl;m(~ L fln'th-r\menca 18 of SO ml{Ll‘ 8
continents, while th: fStu(f"} Chbie T henogams g t,]o;ehave
scarcely been studie lu'n & ?f S s Aate e L e‘fl’ rtll de-
Seribed eCioP I ( .«.1't 2{1, that. a comparison 0. tjteesti-
miste of The real 1€ two classes fails to give a correc o
the speci al numbers. The reason for supposing thd

- Sbecies of fungi are more numerous than those of Phano-
gams is founde | S rous tmn. 10S€ st

aed on the fact that, in countries where fung
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flora has been most thoroughly studied, we find few species
of Phanogams which are not already known to be attacked
by some special parasite, while the majority of species serve
as hosts for a considerable number of species of fungi. A
few figures will show this point clearly. In his treatise on
the fungi which attack the species of Vitis, published in 1879,
Pirotta enumerates one hundred and four species of parasites.
Between ten and twenty of these are fungi not found on Vitis
alone, but this number is more than counterbalanced by spe-
cies peculiar to Vitis which have been described since 1879.
It may be objected that some of the forms called species by
P_irotta are probably merely stages of some of the other spe-
cies enumerated. Admitting that this 1s possible, and even
probable; if we deduct half, or even two-thirds, which is lib-
eral to the last degree, we still have thirty to fifty species
of fungi, at the lowest estimate, which are peculiar to six
species of Vitis, the number of species of the genus included
in Pirotta’s observations. I have little doubt that the real
number of species of fungi peculiar to the genus Vitis is much
larger than the estimate I have just given. If the relative
number of species known to occur on Vitis is greater than
that of those known on most other genera, it is due rather to
the fact that, from their importance in horticulture, they have
been more carefully studied than because other genera are
less frequented by special fungi. . ,

The province of Venetia is probably no richer in fungi
than other parts of the world ; but, as it is of small size apd
18 the residence of a considerable number of mycologists, its
flora has been more thoroughly studied than that of this coun-
try,‘ and we can obtain a more accurate view if we examine
statistics of the Venetian flora. Cuboni and Mancini enumer-
ate sixty-five species of fungi which occur on the chestnut,
and over three hundred species on Quercus, including three
native species of that genus. If we deduct a large number
tor Species which are not found exclusively on these two
s€hera or which are merely secondary forms of other species,
We still have a considerable number of fungi to a small num-
ber of Phanogams. Turning to the American flora, we find
that the species of a genus as erratic as Sarracenia are not
Without their proper parasites ; for on four species of Sarra-
eMia we already know four species of fungi, three of which
g peculiar to the genus. The list of fungi which grow on
%aks in the United States includes between five hundred and
X hundred species. The greater part, however, are not
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peculiar to oaks, and, as the synonymy of the species is much
confused, the exact number of fungi known on all our 0aks
can-not be given exactly. On Quercus alba fifty-seven and
on (. tinctoria fortv-six species are reported, about a quarter.
or possibly a third, of which are probably peculiar to those
species. -

We can start with the postulate that vegetable parasites
must have originated at an early epoch and must have been
derived from non-parasitic forms. What forms? Here we
enter upon the field of pure speculation. It can hardly be
supposed that we shall ever know what was the earliest form
of life. It may have been some protoplasmic structure which
was neither strictly vegetable nor animal. Probably the
earliest forms of undoubted plants were unicellular forms like
Proto.coccus. The term Protococcus, as used at the present
day, includes some forms which are claimed by zoGlogists:
whether rightly or wrongly is a question which need not
concern us, for some Protococci are certainly plants. "Ijhe
Pr otococcl are simple green cells which multiply by division
into two, and so on, and which, at times, also produce Ib
their interior zodspores which escape and form new indi-
viduals.

How other chlorophyll-bearing plants might have arisen
from Protococci we can not stop to consider, and we Lak
only touch upon the possible origin of the colorless parasites:
A vegetation consisting of simple forms like Protococt
once established, there is no reason why there might not
quickly ?lave followed parasites of the order Chytridiace®
the species of which abound at the present day 1n botl} salt
and fresh water. The simple forms of the order consist Qf
colorless cells which produce in their interior colorless Z00-
spores, which escape and attach themselves to submerge
plants and animals.

The step from Protococcus to Chytridium is slight. We
have only to suppose that a Protococcus has acquired the
Power of attaching itself to other Protococci or to low abv
]mals and has gradually lost the chlorophyll, which 15 oY
Ongst .Of SErvice to a plant in a position to absorb DOUTISET
ment directly from hving organisms. Other natural changes
\C\"guld‘ l.).e the development of processes for attaching the
\\':1fit'rl(:‘lum Fo the host or for enabling it to [)er.et"at?.;tg

S of the host so that the parasite could make its way
the interior, Tn short, it is probable that, at a very earls

. . Al : : . nt
epoch, true parasites existed essentially like our prese
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Chytridia. If the first plants were marine, it is altogether
likely that the first parasites were Chytridia, if we can judge
by present conditions. In the present age comparatively
few species of fungi grow in salt water. The few that we
have belong principally to the Chytridiacea and are abun-
dant enough on the marine algae of all groups. Most of the
other marine fungi are forms like Leptothrix, which may
rather be regarded as degenerate forms of Nostocs or Schiz-
ophycea than as forms derived from anything like Protococ-
cus or Chytridium. It is certainly true that there are very
few species of fungi higher than Chytridium or Leptothrix,
It one can call Leptothrix a fungus, found on strictly marine
plants. There are a few, however, and on the New England
coast the stipes of the digitate L.aminariz, while yet sub-
merg}z)ed, are attacked by a species of Spharella belonging to
the Pyrenomycetes.

Whether the filamentous and higher forms of parasites
hqve been derived from the simple Chytridia is not easy to sur-
mise. Among existing Chytridiacea we have a series of gen-
eéra in some of which there are simple rhizoids, and in others,
like Cladochytrium, a well-developed mycelium. Further-
more, the species of, at least, three Cladochytria have lost the
aquatic habit, and live in the tissues of Iris, Menyanthes and
Sanicula. In Polyphagus, Nowakowski has also observed,
4 Conjugation of the mycelium of two individuals. Admit-
ing the fugitive character of the mycelium of Chytridia-
cex, there 1s still no reason why the filamentous fungi might
not have developed from species of this order. The zoospore-
bearing cells, as the parasite lost its aquatic habit and became
aerial, might naturally be transformed into sporangia with
non-motile spores, like those of Mucor, and, as 1t ;}cqun"ed
the power of growing in solid tissues, one of the conjugating
cells would advantageously be developed into a pollinodium,
and we should then find odsporic forms. But it 1s hardly
Worth while continuing the chain of possibilities furtherin
this direction.

As [ have said, it seems to me not unreasonable to suppose
that true parasites may have originated at a very remote period
Piimarily from non-parasitic plants. Butwe must also consider
Another question. Is it not more probable that saprophytes
~ere first developed and from them arose the true parasites ”

he line between saprophytes and true parasites 18 not well
defined among existing plants. Some species might, with
Sufficiently good reasorf, be placed in" either class, for what



186 BOTANICAL GAZETTE. | August,

are called by Van Tieghem facultative parasites may live
ordinarily as saprophytes and yet at times live a truly para-
sitic existence. The great majority of fungi are saprophytes,
and De Bary has shown’ in an instructive way how Peziza
sclerotiorum, during a part of its existence, is a saprophyte,
and becomes later a true parasite. The germinating spores
will not penetrate the living cells of the carrot on which the
mature forms of the fungus is found, but live a saprophytic
existence for some time. After they have attained a certain
growth and strength they are then able to make their way
into the carrot, which they destroy. The mechanism Is @s
follows: after a certain time the suaprophvlic hypha: excrete
an oxalate which is able to destroy the superficial cells ot the
carrot with which the hypha may come in contact, and the
fungus then makes its way into the plant. It is probable thal
a considerable number of saprophytes may* act in the same
way as Peziza sclerotiorum, and it is not impossible that 4
good many existing saprophytes are developing into para-
sites,+and, 1if the present state of things correctly represents
what has always been going on, it would lead us to believe
that the saprophytes first came into existence and the para-
sites followed. Since actual knowledge is out of the ques-
tion, one can take either theory without denying the other
2n toto. The probabilities seem to me to favor the origin of
Chytridia from Protococei, if we regard the morphologica]
rathgr than the physiological side of the question. How far
the first Chytridia were true parasites rather than sapros
phytes may be questioned. Decidedly, the majority of the
living species, T should say, are parasites ; but in some the
parasitism 1s not well marked, and they may be Convenientl.,v
called epiphytic.

Stil] another pOSSIblllty must be considered. May “fe
not suppose that the first living beings were protoplasmi€
bodies, neither plants nor animals, or both, if you please
and from them parasitic and non-parasitic plants were S
ultaneously developed? Orders like Myxomycetes might
%el'h’ap s lead us to suppose that this view was the true 0D¢:

ut 1t may be assuming too much to suppose that Myxomy=
cetes are plants at all. If they are plants, they have IS
mamgd in a low condition, and have no offshoots representfv‘d
by higher forms of plants. There appears to be only ¢
way to find out whether a given structure is a plant oF a4
animal, and that is to see whether it is described in zo0108"

A e e e Y S

T Bot. Zeit,, 1886,
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ical or botanical manuals. Unfortunately, this does not help
us in the case of the Myxomycetes. We can safely say,
however, that the more highly developed parasites have not
been developed from Myxomycetes, and there is very little
to lead us to believe that parasitic and non-parasitic plants
were simultaneously developed from primitive protoplasmic
structures.

It has already been stated that phanogamic parasites
should be regarded as degenerate forms of other Phano-
gams. Their line of development is not through the para-
sites of the class of fungi. If one is willing to believe that
the first parasites were Chytridiacez, or something very much
like them, from which it is possible some of the filamentous
Zygosporic and odsporic fungi have been oradually devel-
oped, he is not, however, forced to believe that such 2 course
of development is probable as well as possible. The class
of fungi is not an homogeneous one. It is rather an assem-
blage of forms which have certain common physiological
resemblances, but marked morphological differences. When
one regards fungi as a single class of plants, and attempts
to trace a clear connection between the highest and lowest
members, he finds numerous gaps which can not well be
hlled. A general parallelism, however, exists between chlo-
mph}’“-bearing alge and fungi, and one is forced to ask
whether the order of development has not been from the
lowest to the highest algae—the class of alg@®e being more
hOmogeneous than that of fungi—and whether the fungi

4V€ not arisen, not from any one primitive group of algz,
but from different groups of algee at different periods in the
Progress from below upward. This view seems to be more
M accord with existing facts than any other. and brings pha-
10gamic parasites into harmony with the rest. If the
Phanogamic parasites may be regarded as derived directly
from other Phznogams, so Chytridiacea may be supposed
10 be derived from Protococcacez. It may be that some of
the Zygosporic and obsporic fungi have come from the ulti-
Mate development of Chytridiacea, but it 1s more na}ura} to
SUppose that the greater part of them are direct derivatives
?lfi Sz}t'go§1?oric and obsporic alga. Special :xpP}xcagon'.tsh of‘
€ory would lead to so many technical details that they
i be omitted on the present occasion. In general, if the
ri::g};ls accepted, we should expect that ghe {Uﬂ%;]g:zgf:
e rom any group of algae would exhi ’1t the |
‘¢ modes of reproduction. In the sexual reproduction
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both groups are much alike, and if there are fungi at the
present day whose reproduction is different from that of any
algze, it 1s because the reproduction has assumed more and
more a non-sexual character, until, as in some groups ol
what are called higher fungi, sexuality has quite dis-
appeared, as 1s supposed to be the case 1n Basidiomycetes,
It 1s sometimes said that non-sexual modes of reproductiqn
always precede the sexual. This is true only to a certan
extent. It may be true, for instance, that in the earliest
forms which had zoospores the zoospores were at first non-
sexual, and afterward acquired the power of conjugating.
But in fungi, where we have more non-sexual forms of
reproduction than anywhere else, they must, in most Cases,
be regarded as secondary and degraded, not primary forms.
F ungi are plants which depart more and more from what we
may call typical plants. When we speak of higher plants
we mean those in which the organs of assimilation and sex-
ual reproduction exhibit a high degree of differentiation.
Wheq we speak of higher fungi, however, we refer to forms
In which the vegetative organs are represented merely by &
- system of colorless threads, and in which the sexual repro-
duction is seldom well marked, if it exists at all, and they
can be called high only in the sense that their numerous and
often complicated modes of non-sexual reproduction are bet-
ter developed than in what are called the lower fungi. In
the struggole for existence among the higher plants thqse
succeed best which are best able to asgimilzte crude matertal
in the growing season and have the largest provision ol
seeds and reservoirs of assimilated food tobcarry them OVel
the season of rest. In the struggle for existence among
fungi, although there is an advaﬁtage if the mycelum 1
able to assume an indurated condition, like the sclerotid, at
Seasons unfavorable for growth, it is of much greater e
portance that th.ere should be a variety of reproductive bOg’
:’i’ﬂ?g‘tﬁgg Whlcdh, at least, are light and easily transxz:‘);:se;
of temperatu?;e Snsex: and better able to endure exbe bl
0 take advantage of any chance which may arise should Be
proper host h g€ of any chance which may arise § Ok 24
vanIt) OSt be present. How well they are able to take b
rapi(?gs;rgg dteot?po‘r. ‘C‘{Y favorable conditions is shown in U
BUETE b battey stk i e caased Dy I N
I have alreadvy s 'c!llo 'Itlo pursue the subject further.
uncertain s fo¥ tgl e I.fear, appear 10 you too Vagy ar-
el S e balancing of possibilities, although P
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donable in philosophy, should not be carried too far in nat-
ural science. Of course, no celebration of our national
anniversary is complete without a balloon ascension, and the
more gas the better, provided the aeronaut, or, as the papers
generally call him, the professor, only lands safely. So our
society sends up its annual balloons in the shape of ad-
dresses 1n which the professors are allowed to soar above,
though not out of sight of, facts. But they must not remain
too long up in the air, and the gas for their balloons should
be generated in the laboratory of experience and study. In
their every-day work, it seems to me that the attitude of
botanists, at the present day, is the correct one. Following
the prevailing tendency in business affairs, the question they
ask of plants is not so much, ** Who is your father, and
where did you come from? " as ** What can you do?”

The identity of Podosphaera minor Howe and Microsphira fulvo-
fulera Cooke.

MARTHA MERRY.
(WITH PLATE XI.)

~ About two years ago, while making a study of the Amer-
ican forms of the genus Microsphara, the M. fulvofulcra
Cooke came to my notice. The specimen examined was
irom the Ellis collection of North American fungi, No. 1,321.
The so-called species is described in an article on ** Califor-
man Fungi,” by Rev. ]J. E. Vize, in Grevillea, vol. v, p.
110, where it is said, *‘ asci not seen.” Examination ot ma-
tureé specimens shows clearly a single ascus in each perithe-
¢ham, thus placing it in the genus Podosphara. It agrees
with the description of Podospiara minor Howe, thus neces-
sitating the cancellation of Microsphara fulvofulera Cooke.
~ Several specimens of the so-called Microsphara fulvotul-
cra from different localities have been examined and com-
pared with the original specimen of Podosphara minor Howe.
‘h all essential characteristics they agree. There are slight
vanations, arising probably from differences in hosts, vigor
of growth, localit , age, etc.; but these variations are not
Marked. Inmany caseson the same leaf intermediate forms
May be seen which unite the characteristics of the different
SPpecimens. They may all be embraced in the follow’mg de-
~Cription, a part of which is quoted from Mr. Howe's orig-
al description in Bulletin Torrey Bot. Club, v, p. 3
2



